Introduction
Pneumatosis intestinalis (PI) is caused by the infiltration of gas into gastrointestinal (GI) tract wall. First described by Du Vernoi in 1783, PI may present as a benign disorder ranging up to fulminant GI disease. It is often identified on abdominal radiographs or computed tomography (CT) scanning. PI occurs in two forms. The primary form, also called pneumatosis cystoides intestinalis, accounts for approximately 15% of cases. 1 This benign idiopathic condition usually presents with minimal or no associated symptoms. The diagnosis is established by endoscopy or radiography and is manifested by multiple thin-walled cysts that develop in the colonic submucosa or subserosa. 1 The secondary form accounts for the majority of cases and is associated with: celiac disease, 2 connective tissue disorders, 3 including systemic lupus erythematosus, 4 infectious enteritis, 5 chronic obstructive pulmonary disease, 6 primary immunodeficiency, 7 acquired immunodeficiency syndrome, 8 leukemia, 9 organ transplantation, 10 bone marrow transplantation 11 and in patients receiving glucocorticoids 12 and chemotherapy. 13 PI traditionally has been managed surgically with a high mortality rate (33-44%). [14] [15] [16] On the basis of our own suboptimal results with surgical intervention, we managed these patients conservatively with the addition of antianaerobic bacterial therapy to bowel rest and total parental nutrition (TPN). We present the results of non-surgical management.
Methods
After obtaining institutional review board approval and we retrospectively reviewed all CT scans and radiological films for diagnoses of PI from January 2000 to May 2008. Chart review was performed on identified cases and the following demographic data were collected: age, gender, diagnosis, stem cell source, Karnofsky Performance Status and highest grade of acute GvHD (Table 1) . PI treatment data included surgical treatment, days of TPN, GI tract rest, antibiotic use and outcome (Table 2) .
Results
PI patients' presenting symptoms ranged from none to abdominal pain, abdominal distention, cough and respiratory distress. The diagnosis was established by CT scan (n ¼ 7), plain film (n ¼ 2) or colonoscopy (n ¼ 1). Nine of 10 patients had ongoing GI GvHD or received recent treatment for GI GvHD. Before April 2002, two patients underwent subtotal colectomy with ileostomy (n ¼ 1) and sigmoid colectomy with colostomy (n ¼ 1). One patient was managed with GI tract rest and TPN only. These three patients died 0.4, 1.1 and 3.9 years after PI diagnosis because of GI GvHD (n ¼ 2) and surgical complications after colostomy revision (n ¼ 1). None of the patients managed with surgical therapy presented with signs of peritonitis or bacteremia. Those who developed bacteremia did so after surgery. PI was found usually as an unexpected finding usually during workup for GI GvHD, disease restaging or abdominal discomfort. Serial abdominal CT scans were performed to follow the status and/or resolution of PI. Seven patients diagnosed after September 2006 were treated with GI tract rest (no oral food intake), TPN and oral antibiotics to decrease anaerobic bowel flora (rifaximin, amoxicillin-clavulanate and metronidazole). Patients allergic to penicillin received azithromycin or erythromycin instead of amoxicillin-clavulanate. Antibiotics were continued for 4 weeks beyond PI resolution as determined by weekly to fortnightly abdominal radiograph or CT scan. A low carbohydrate diet to diminish bacterial gas production was prescribed after discontinuation of TPN. The median duration of antibiotic use was 47 days (range: 26-168 days), median duration of TPN was 41 days (range: 25-64) and median duration of GI rest was 23 days (range: 3-34). All seven patients had resolution of PI at a median time of 36 days (range: 10-70). Of the seven patients, five have died, because of: GI GvHD (n ¼ 3), relapsed disease (n ¼ 1) and perforated colon due to pre-existing diverticulitis (n ¼ 1) at 0.92, 0.46, 0.07, 0.15 and 1.3 years after PI diagnosis.
Discussion
Multiple factors predispose to the development of PI in BMT patients, including pre-BMT conditioning or highdose chemotherapy, 17 glucocorticoid therapy, 18 infectious colitis, 5 GvHD 5,11 and septic shock. 19 In this case series, steroids were used in combination with other immunosuppressive therapy primarily the calcineurin inhibitors cyclosporine and tacrolimus. Glucocorticoid therapy alone appears to increase significantly the risk of PI development. 18 It has been postulated that glucocorticoids may induce atrophy of GI tract lymphoid aggregates resulting in mucosal defects that allow dissection of intra-luminal air/ gas into the sub-mucosal or sub-serosal regions. These cases of PI represent the largest reported series in allogeneic blood and marrow transplant patients and support some previous observations regarding PI. Traditionally, a PI diagnosis was associated with a high mortality rate directly related to PI. In a recent series an overall mortality of 22% was observed. 21 This conservative approach to PI management, consisting of non surgical management initially compared favorably with historical mortality rates of 35-75% when many cases were managed with a surgery. [22] [23] [24] The majority of our patients died of GI GvHD or other GI complications suggesting that PI represents a poor prognostic factor. Surveillance for PI in the setting of GI GvHD may be indicated for patients with prolonged treatment with immunosuppressive therapy, especially glucocorticoids.
In this series, PI was most commonly diagnosed with chest, abdominal and pelvic CT scans. CT scan is the best imaging modality for establishing the diagnosis of PI as manifested as intramural gas in the bowel wall. 25 CT scan is a more sensitive and specific test when compared with plain films or ultrasonography. 26 CT scan can help distinguish PI from intraluminal air 27 or submucosal fat, 25 however, CT scans are not predictive of patients experiencing true intestinal necrosis versus benign PI. In a series of 23 consecutive CT scans of patients with PI or portal venous gas, there was no correlation of severity of bowel ischemia with CT scan findings. 16 The pathogenesis of PI is thought to be due to an increased intra-luminal pressure along with mucosal injury and gas production by GI tract bacteria. We successfully used a combination of antibiotics consisting of rifaximin, amoxicillin-clavulanate and metronidazole to decrease anaerobic bowel flora. Bowel rest and TPN facilitate mucosal recovery. PI patients treated with conservative management consisting of bowel rest, TPN and oral antibiotic therapy may have complete resolution of PI without surgical intervention. None of the patients in this series presented with life-threatening bowel perforation as manifested by peritonitis with bacteremia and or sepsis. In most cases it is a non-critical finding that does not represent true bowel ischemia and classic bowel perforation with free air. In some cases with severe pain and evidence of GI tract perforation with bacterial contamination of the peritoneum, operative intervention is mandated. As mentioned in several series, signs and symptoms of peritonitis, ischemia or perforation are reasons for operative exploration. 25, 28, 29 In patients who are not candidates for surgical exploration conservative management is recommended. 30 Conservative management includes broad spectrum antibiotics, administration of oxygen at high concentrations, bowel rest, TPN followed by diet of low-flatulence producing carbohydrates when oral feeding is tolerated. 11, 31 Galm et al. reported five cases of PI following cytotoxic chemotherapy. Patients did not demonstrate signs of peritonitis and they were treated conservatively with metronidazole, piperacillin, tobramycin and TPN. Complete resolution of PI was achieved in all cases. 17 They concluded that in the absence of secondary complications a conservative approach should be the treatment of choice for PI following anti-neoplastic chemotherapy. We recommend a similar course of action in post-BMT patients who develop PI without signs of peritonitis.
